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Abstract. The Ni-TiAIN/Si3N4 composite coating has been investigated. The composites were
deposited at fixed electrodeposition current of 3 mA for 15 minutes. The electrolyte consists of
0.49 mol/l H3BO3, 0.17 M NiCI26H20, 0.38 M NiSO46H20, 0.2 gr/lit SDS, 2 gr/lit AIN and
2 gr/lit TiN. The concentration of Si3N4nanofiber was varied into 10, 20 and 30 gr/lit. The
electrodes used were Pt wire as counter electrode, AgClwire as reference electrode and
tungsten carbide (WC) rod as working electrode. The surface morphology and composition of
composites were characterized by using Scanning Electron Microscopy (SEM) dan Energy
Dispersive Spectroscopy (EDS), respectively. The crystal structure of composites was
characterized by using X-Ray Diffraction (XRD) and the hardness was tested by using Vickers
hardness tester. The results showed that the composite coating surface morphology was finer as
the increase of Si3N4 concentration due to the decrease of Ni crystal size. The increase of
S3N4 concentration indicating the formation of stable structure composed of Ni-TiAIN/Si3N4
caused the increase of the coating hardness.

1. Introduction

Ni-nitride electrodeposition is an attractive method in improving the properties of composite coating
such as mechanical and corrosion resistance [1]. The improvement is achieved by homogenous
dispersion of nitride particles into the nickel matrix [2,3]. In early studies, the formation of super hard
nanocomposite nitride/Si3N4by using Chemical Vapor Deposition has been performed and it was
reported that maximum hardness is achieved when the nitride crystals are covered with Si3N4
monolayer [4]. Silicon nitride is one of the strongest ceramic material and has being used as reinfored
material in the composite coating by using electrodeposition method [5]. The incorporation of silicon
nitride in the electrodeposited composite coating showed improving coating properties especially in
microhardness and corrosion resistance.

Recently, the electrodeposition method has been utilized to deposit Ni-TiAIN composite [6].
Electrode potion of Nickel (Ni) is one of the common process due to so many its industrial
applications since it has good corrosion resistance and microhardness [7]. Incorporation of nitride
particle into Ni coating has improved its hardness and corrosion resistance. It is known that nitride
particle such as TiAIN is one of the hard particles with high termal stability [8].
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The investigation on Si3N4 compound showed a good hardness and wear resistance in composite
coating [9]. Another investigation reported that the decrease of particle size of silicon nitride within
the Ni metal matrix will lead to higher corrosion resistant [10]. Si3N4 particles are filling pores and
mainly inert incorporated into the coating surface due to high melting point and eventually improve its
corrosion resistance [11].

Previously review study has been done in searching a new possibility electrodeposited composite
coating system [12]. In this research, a new Ni-nitride composite coating system of Ni-
TiAIN/Si3N4has been experimentally investigated. The objective of this experiment is to investigate
the effect of Si3N4 concentration on morphology, composition and crystal structure of Ni-
TiAIN/Si3N4 composite coating. Discussion on composite coating hardness also is presented.

2. Experiment

In the present work, the Ni-TiAIN/Si3N4 composite coatings were electrodeposited at fixed current of
3 mA, 12 V for 15 minutes. The electrolyte consists of 0.49 mol/l H3BO3, 0.17 M NiCI26H20, 0.38
M NiSO46H20, 2 gr/lit AIN, 2 gr/lit TiN and 0.2 gr/litSodium Dodecyl Sulfate (SDS). Si3N4
nanofiber was crushed by mortar and was added into electrolyte. The concentration of Si3N4 was
varied at 10, 20 and 30 gr/lit. Tungsten carbide (WC) bar with 45 m x 45 mm cross section area were
used as working electrode. Pt wire and AgCl wire were used as counter electrode and reference
electrode, respectively. The surface morphology and composition of composite coatings were
characterized by using Scanning Electron Microscopy (SEM) dan Energy Dispersive Spectroscopy
(EDS) of Jeol, JED-2300, respectively. The crystal structure of composite coatings were characterized
by using X-Ray Diffraction (XRD)of Panalytical Empyrean Philips with Cu-Ka radiation source (A
=1.54 A) and the composite coatings hardness were measured by using micro hardness Vickers tester
HV-1000.

3. Results and discussion

3.1. Surface morphology and composition
SEM image of Ni-TiAIN/Si3N4 composite coatings are shown in figure 1. Typically, fine and smooth
surface morphology of composite obtained at Si3N4 concentration of 10 gr/lit. TiN and AIN particles
appear as slight aggregation granular grains in Ni matrix while Si3N4fibre exhibit as needle grains.
The composite surface become rough as the Si3N4 concentration is increased up to 30 gr/lit. This
means that too much Si3N4 concentration may accelerate the agglomeration and gravitational
sediment effects [13]. At low concentration, Si3N4 nanofiber effectively inhibited the Ni grain growth.
However, it did not happen at higher concentration. Meanwhile, the nitride particle or fiber (e.g.
Si3N4) is inert compound and do not react with other component of the coating [11]. TiN, AIN, TiAIN
and Si3N4 as innert compound, may hinder the Ni crystal growth. However, in the formation of
TiAIN/Si3N4 coating, the crystal size of coating decrease due to the substitution of Ti by Al or Si [14].

The composition of Ni-TiAIN/Si3N4 composite coatings are shown in figure 2. From the EDS
analysis result, it shows that the content of Ti decreases as the Si3N4 concentration is increased.
Althought, the binding energies of TiN and AIN is similar however, TiN’s binding energy is less than
AIN’s [14]. Therefore, the number of Ti substitution by Si is higher than Al. As the Si3N4
concentration is increased, thus it increases the substitution of Ti by Si. This causes the decrease of
nitride crystal size and increase the Ni crystal growth and finally lead the increase of surface coating
roughness.

From EDS result, it shows that the increasing Si3N4 concentration from 20 gr/lit to 30 gr/lit
decreases the Si incorporated fraction into the coating. This behaviour might be the effect of collision
between particles [5] with increasing Si3N4 concentration up to 30 gr/lit.
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Figure 1. Surface morphology Ni-TiAIN/ Si3N4 composite coating deposited at Si3N4 concentration
of (a) 10 gr/lit, (b) 20 gr/lit, (c) 30 gr/lit.
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Figure. 2. EDS analysis of Ni-TiAIN/SisN4 composite coatings at SisN4 concentration of (a) 10 gr/lit,
(b) 20 gr/lit, (c) 30 gr/lit.
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3.2. Crystal structure

XRD spectrum pattern of Ni-TiAIN/Si3N4 composite coating in varying Si3N4 concentration is
shown in figure 3. The high peaks intensity at 20 =31.50 and 26 = 48.30 are assigned to AIN (010) and
AIN (012), respectively while the peak at 26 = 35.60 is assigned to TiN (111). The lower peak at 20 =
44.60 is assigned to Ni (111). Si3N4 peak is not revealed in the composite due to its amorphous nature
[14,15]. The peak intensity of Ni (111) decreases drastically as the Si3N4 concentration is increased
up to 20 gr/lit and it slightly increases as further increasing in Si3N4 concentration. The decrease of Ni
(111) peak is followed by the peak broadened indicating the decrease of its crystal size. On the other
hand, the crystal size of TiN and AIN increases gradually as the Si3N4 concentration is increased up to
20 gr/lit and it decreases as further increasing in Si3N4 concentration. The decrease of Ni crystal size
may presumably due to the incorporation of amorphous Si3N4 and the crystal growth of TiN and AIN
in Ni matrix. The XRD data shows that the Ni-TiAIN/Si3N4 composite coating consists of Ni, TiN
and AIN crystal and amorphous phase of Si3N4. This behaviour was also reported for another
composite coating [14,15].
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Figure 3. XRD analysis of Ni-TiAIN/SisNs composite coatings at SisNs concentration of
(a) 10 gr/lit, (b) 20 gr/lit, (c) 30 gr/lit.

3.3. Hardness

The hardness test results of Ni-TiAIN/Si3N4are shown in Table 1. An increase of hardness with
increasing Si3N4 concentration from 10 gr/lit to 20 gr/lit occurs. This might be attributed by Ni grain
refining and crystal growth of TiN and AIN due to the increase of Si3N4 incorporation into the
coating. It is caused by the hindering dislocation motion by amorphous Si3N4 phase. The decrease in
Ni crystal size indicates the formation of stable structure composed of Ni-TiAIN/Si3N4. The increase
of composite coating hardness was also reported by other types composite coating [16,17].
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Table 1. Experimental result of Vickers hardness test
of Ni-TiAIN/Si3N4 composite coating at various
Si3N4 concentration.

No SisN4 Concentration HVN
(gr/lit) (kg/mm?)
1 10 914
2 20 1187
3 30 1025

However, the hardness slightly decreases as further increasing Si3N4 concentration up to 30 gr/lit as
decreasing Si incorporation fraction into the coating. It was reported that the composite coating
hardness decreased significantly with further increase Si content due to the increase in the amorphous
Si3N4 in TiAIN matrix [14,15]. The further increase in amorphous Si3N4 caused the very small
crystal size of composite then it was not effectively in hindering the dislocation motion.

4. Conclusions

The formation of Ni-TiAIN/Si3N4 composite coating is possibly produced by using electrodeposition
process. The improve of coating hardness at the increase of Si3N4 concentration is due to the decrease
of coating crystal size especially Ni crystal indicating the formation of stable structure composed of
Ni-TiAIN/Si3N4.
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